Objective: The aim of this study was to calculate the economic losses during an outbreak of Simulium (Wilhelmia) spp. in the Cappadocia Region of Turkey. Methods: The economic costs associated with a 2006-2007 outbreak of Simulium (Wilhelmia) spp. in the Cappadocia region of Turkey were calculated by summing losses to the livestock (dairy) industry and tourism (hotels), plus ongoing control expenditures. Results: More than 2.000.000 domestic and foreign tourists, 60.000 animals, and the local population were disturbed by the flies. Tourism was the most affected sector from the Simulium outbreak. Conclusion: The calculated cost of the outbreak according to 2013 prices was 10.626.966 TL (US$ 5.45 million). (Turkiye Parazitol Derg 2014; 38: 116-9) 
INTRODUCTION
Turkey's Cappadocia region lies in Eastern Anatolia (Asia Minor) and consists of a plateau more than 1000 m in altitude, pierced by volcanic peaks, including Erciyes Mountain (3916 m). The inland location and high altitude produce a continental climate with hot, dry summers and cold, snowy winters; rainfall is sparse, and the region is largely semi-arid (1) . The principal river of the Cappadocia region is the 1150-km-long Kızılırmak River, which originates in Eastern Anatolia and eventually empties into the Black Sea.
Unique geological, historical, and cultural features make the Cappadocia region a popular tourist destination. However, construction of the hydroelectric Yamula Dam in Kayseri, completed in 2005, was followed by a severe outbreak of black flies along the Kızılırmak River below the dam (2) . Affected locations included Yemliha (the nearest location to Yamula Dam) in Kayseri Province and the important tourist districts of Avanos, Gülşehir, and Ürgüp in Nevşehir Province. Local citizens first reported a black fly problem in 2005, which reached an intolerable level in 2006. Workers were unable to enter the vineyards, orchards, fields, and pastures; hotels suffered vacancies; livestock were distracted by attacks; and tourists often were unable to breathe or function comfortably with swarms of flies about them (2) . Farmers resorted to classic methods of control, such as wearing head nets and producing smoke by burning dung (2) . Management using Bacillus thuringiensis subsp. israelensis (Bti)-based larvicides was initiated in August 2007.
Black flies are important pests throughout the world (3), but quantitative data on their economic effects are scarce. Calculated losses typically involve black fly attacks on livestock, especially in Canada and the USA (4). Costs to commercial sectors, such as the car wash, paper, and tourist industries, and to local economies have been reported less frequently (4). For instance, Gray et al. (5) 
METHODS
Larvae and pupae were collected from the Kizilirmak River throughout each year from 2006-2012, and adults were collected from swarms around people in the summer of the outbreak. Immatures were identified morphologically and chromosomally, whereas adults were identified morphologically (6, 7) . Voucher specimens were deposited in the Clemson University Arthropod Collection.
The cost of the outbreak was calculated by combining losses to livestock farmers and hotel operators, plus expenses incurred by the local and central governments for ongoing suppression. Losses to the livestock industry, especially for dairy cows, were based on official data of the Turkish Statistical Institute (8) 
RESULTS
Identification of samples of larvae and pupae revealed that the simuliid fauna in the Kizilirmak River consisted almost exclusively (>99%) of two species in the subgenus Wilhelmia, with roughly 90% being S. lineatum (Meigen) and the remainder S. balcanicum (Enderlein). Samples of adult females consisted entirely of S. lineatum/balcanicum. These two species are morphologically inseparable as adults (7); hence, their relative contributions to the pest problem are not known.
Annual livestock production in the Cappadocia region has been increasing, but official data (8) and milk producers indicated production losses on dairy farms (decreased milk production per cow). By using these data, we estimated that infestation caused 775.892 TL (US$ 651.749) in losses for dairy production ( Table 1) . Table 2 ).
The cumulative cost of the outbreak to the Turkish economy as a result of negative impacts on dairy production (775.892 TL; 7.3%) and tourism (8.100.000 TL; 76.2%), plus suppression expenses (1.751.074; 16.5%), was 10.626.966 TL (US$ 5.45 million).
DISCUSSION
Productivity losses for beef cattle and fattening lambs were not detected, possibly because the production system involves Table 1 . Milk production in dairy cattle before, during, and after a Simulium outbreak in the Cappadocia Region of Turkey (8) . The Cappadocia region supports a robust tourism industry of approximately 2 million domestic and foreign tourists per year (9) , which has increased annually since 2004. However, the black flies caused significant problems at hotels in the affected area, particularly at three of the largest hotels (Avrasya, Mustafa, and Yiltok Hotels), which maintain training complexes for football (USA soccer). The black flies caused teams to cancel their 15-day training visits. Hotel operators reported 6000 cancellations during the outbreak. The total loss associated with 6000 cancellations over 15 days at the all-inclusive, average daily accommodation price of 90 TL/person, totaling 8.100.000 TL. During the black fly seasons of the 1970s, tourism declined by 85% in a town in New Hampshire, USA, resulting in an annual loss of $244.800 (10), while a suppression program in a town in New York's Adirondack Mountains boosted tourism by $367.500 per year (11) .
CONCLUSION
This study represents the first time the cost of a simuliid outbreak was estimated using with livestock production losses, control expenses and tourism figures (12). We did not calculate costs to agriculture that resulted from failures to harvest at the proper time, the associated losses in product value, or additional labor and time losses, nor did we evaluate potential losses to tourism associated with negative publicity, reduced employment in the industry, or the intangible reduction in quality of life to the residents. Our calculated costs associated with the Simulium outbreak, therefore, are highly conservative.
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